Comment. The two transient cerebral episodes do not suggest any primary neurological disorder, but strongly resemble the many earlier episodes in their suddenness of onset and in the absence of permanent sequelae. The differences in the level of consciousness and the transient localizing signs suggest that different cardiac mechanisms may be responsible. In the earlier attacks, sudden and prolonged asystole resulted in unconsciousness. The later attacks were most likely the result of a ventricular tachyarrhythmia, leading to lowered cerebral perfusion, so that minor arterial narrowings became critical. The electrocardiograms (Fig. 1) show that pacemaker stimuli were delivered into the latter part of the T wave of ventricular extrasystoles on many occasions. Since the coupling interval of the extrasystoles was not fixed, there is a relatively wide range during which the pacemaker stimulus may occur during inscription of the T wave; and, perhaps, the vulnerable phase. When the sinus rate is fastest, lead Vl, the pacemaker is inhibited. The striped areas represent the pacer "refractory period". In (a) the extrasystole occurs after the end of the pacer refractoriness; it is sensed and the stimulus is issued; the subsequent cycle is the longest possible or "escape cycle". In (b) the extrasystole occurs shortly before the end of the pacer refractory period and is not sensed; the stimulus is then delivered after the expiration of the fixed escape cycle, at point X. If AQ (the coupling interval) + Q-Tmax > AX, the impulse at X may fall in the vulnerable period of the ventricle.
sensing such a signal, the Medtronic Demand unit and the earlier Cordis Ventricor II unit are inhibited, and the basic pacer cycle-the "escape cycle"-starts again. This is true "demand" action. (Fig. 3) , lest the unit responds to frequent impulses with untoward effects, and during this the pacemaker will not respond to any impulse. In the unit used in this patient the refractory period was 0 50 sec., but in later models is 0 40 sec. The maximum or "escape" interval of the Ectocor is fixed at 0-86 sec.
The duration of the pacer refractory period effectively prevents the unit from discharging into the vulnerable phase of any beat that the unit has, in fact, detected. Nevertheless, it is still possible for the Ectocor unit to deliver its impulse into the T wave of a premature beat that it did not detect because it began during the pacer refractory period. The circumstances in which an Ectocor pacer may discharge its impulse into the T wave of a premature beat are illustrated diagrammatically in Fig. 3 . In Fig. 3a the extrasystole begins after the end of the refractory period of the pacer. The stimulus is evoked, but is ineffective because of ventricular refractoriness. In Fig. 3b , on the other hand, the extrasystole begins shortly before the end of the pacer refractory period and is, therefore, not detected. The pacer stimulus then occurs after the maximum delay permitted, i.e. after 0-86 sec. Under this circumstance the pacer stimulus may invade the T wave of a suitably timed premature beat. It must also be pointed out that the pacemaker detects an intracavitary electrocardiogram. In particular, the magnitude and rate of change of potential of the endocardial electrocardiogram are not accurately reflected in the surface tracing. This may lead to some beats being detected and others not, even though they have the same prematurity when judged by standard electrocardiograms.
Vulnerable Phase. The question now arises whether a stimulus delivered into the T wave of a premature beat may fall upon the vulnerable phase. Lown et al. (1963) have provided data for the timing of the vulnerable phase of sinus beats in 5 mammalian species, including subhuman primates, and it may be assumed that their evidence could also apply to man. Their derived relation for the vulnerable phase is that the ratio of "Q to shock" interval to Q-T duration equals 0-65 to 0-80. Now, if the sum of the pacer refractory period and 80 per cent of the longest observed Q-T duration of any beat is equal to or greater than the escape interval of the unit, then it is possible that the pacemaker impulse may be delivered into the vulnerable phase of the ventricle. Furthermore, there is evidence that the vulnerable phase of extrasystoles extends later than is the case with sinus beats (Wegria, Moe, and Wiggers, 1941) , and may extend to the end of the T wave (Fig. lc in Dressler, 1964) .
The possibility exists that a unit employing the Ectocor principle may deliver its impulse into the vulnerable phase of an extrasystole, if the sum of the pacer refractory period and the longest Q-T duration of the extrasystoles exceeds the pacer escape interval. In this patient, the longest Q-T of an extrasystole was 0 50 sec. As the pacer refractory period was 0 50 sec., it is clearly possible that a pacemaker stimulus did fall in the vulnerable phase and provoke a tachycardia.
The possibility that a pacemaker stimulus may induce a serious rapid ventricular arrhythmia has produced divergent opinions. The evidence for and against has been recently reviewed by Bilitch et al. (1967) who added 5 cases of their own of fatal ventricular fibrillation during competition between intrinsic and electric rhythms. In one of their cases, the precipitation of ventricular fibrillation by a critically timed pacemaker impulse is convincingly shown. The evidence incriminating pacemaker impulses delivered in the vulnerable phase, in some cases at least, must now be regarded as overwhelming. The present case emphasizes that a similar effect may also result from a standby pacemaker. SUMMARY A case is described in which there is a strong inference that minor Adams-Stokes attacks were provoked by a standby pacemaker of particular design characteristics. Replacement by a unit of different design was followed by disappearance of attacks. The designs of the types of "ventricularsynchronized" units currently available are briefly analysed. It is pointed out that a unit that includes a pacer refractory period may discharge its impulse into the vulnerable phase of the ventricle after a critically timed premature beat. This possibility may be checked in other cases by analysis of the pacer refractory period and escape interval, and the Q-T durations of the intrinsic beats.
